Background: To investigate whether exposure to phenolic resins (PR) is associated with quantitative olfactory disorders (QOD), a cross-sectional study of self-reported olfactory impairment (SROI) was performed in occupationally exposed subjects. Material and Methods: Sixty-six workers (45 males, 21 females) at the age (mean ± standard deviation) of 39.8±10.15 years old were divided into 3 exposure groups on the basis of biological exposure indices (BEI) for urinary phenols. It was asked whether the sense of smell has been normal or abnormal during the recent 2 months: the participants were eventually divided into self-reported normosmic, hyposmic, hyperosmic groups. Results: Prevalence of the SROI was 45.5%, with 21 (31.8%) workers complaining about the hyposmia, 12 (18.2%) -anosmia and 9 (13.6%) -hyperosmia. In univariate analyses, female sex was associated with the SROI and the hyperosmia. Highly exposed workers showed the SROI more frequently (odds ratio (OR) = 4.714; 95% confidence interval (CI): 1.077-20.626) than those not exposed (reference) or low exposed (OR = 1.333; 95% CI: 0.416-4.274). In multivariate analyses, female sex was the main risk factor for the SROI (adjusted odds ratio (OR a ) = 5.622; 95% CI: 1.525-20.722) and the hyperosmia (OR a = 25.143; 95% CI: 2.379-265.7) but a high exposure to phenol (OR a = 11.133; 95% CI: 1.060-116.9) was the main risk factor for the anosmia. Conclusions: This study has found slight evidence among the cross-section of chemical industry workers that the exposure to phenol may be associated with the SROI. On the other hand, self-reporting of the QOD may be biased by personal factors and further research with objective measurement is therefore required. Med Pr 2016;67(2):173-186
Phenolic resins (PRs) are synthetic polymers obtained by the reaction of phenol or phenol substituted for formaldehyde, and are used in myriad industrial products and processes (e.g., plywood, construction, automotive and appliance industries, manufacture of nylon and epoxy resins, etc.) [17] . Handling of the PRs is associated with a significant exposure to phenol (C 6 H 6 O, 94 g/mol in molecular weight) -phenol is a nucleophilic xenobiotic, and when it interacts with mucous membrane it is prone to lose an electron and form free radicals in a reaction catalyzed by peroxidases [18] . Inhalation and dermal exposure to phenol is therefore highly irritating to the surface rich in detoxification enzymes, such as eyes and airways.
In the OE, Bowman's gland cells and supporting cells express many types of peroxidases and detoxification enzymes: because the total amount of the OE is small in comparison with other organs such as kidney and liver, the total metabolizing capacity of the nasal mucosa may appear lilliputian but, after each organ is normalized to prove the total tissue protein content, the OE activity largely exceeds the liver [10] [11] [12] [13] 15] . Unsurprisingly, studies about occupational exposure to the PRs showed a significant ability to impair the olfactory function [19] [20] [21] . Odor threshold for phenol is relatively low (0.04 ppm or 0.154 mg/m 3 ), with a strong sweet odor reported [12] -as the exposure to strong fragrances notoriously affects the olfactory detection [22] , it is then possible that the reported impairment of the olfactory function may bring about the combination of biochemical and psychological effects.
For example, an earlier case control study on 100 furniture workers exposed both to the PRs and wood dusts, 70 chemical workers from the plant where formaldehyde and formaldehyde-based products were produced and 36 non-exposed chemical workers, identified a significant decrease in the sense of smell (p < 0.01) in both exposed groups [21] . A subsequent study on 15 workers handling wood fibers with interspersed carbamide resin glue, containing formaldehyde (exposure: 0.8-3.8 mg/m 3 for wood dusts, 0.17-0.48 mg/m
INTRODUCTION
Olfactory disorders (OD) are generally dichotomized in qualitative (parosmia, phantosmia, olfactory agnosia) and quantitative olfactory disorders (QODs: hyposmia, anosmia, hyperosmia). The prevalence of the QODs in the general population is disputed but it presumptively ranges 1-20% [1] [2] [3] , with higher values represented by men and progressively increasing values with age in both sexes [4] [5] [6] . The most common QOD is the hyposmia, the decreased ability to smell, the prevalence of which in general population is up to 16% [3] . The anosmia i.e., the lack of ability to smell, is also quite frequent: about 5% of general population exhibit functional anosmia but several studies suggest an even greater prevalence, with a self-reported anosmia varying between 1.4-15% [7, 8] . The hyperosmia i.e., the enhanced ability to smell, is rare and frequently associated with the exposure to toxic vapors or neurologic disorders such as migraine [9, 10] . Quantitative olfactory disorders (QODs) usually constitute the acquired dysfunction of the olfactory system: post-infectious olfactory loss, post-traumatic olfactory loss, chronic rhinosinusitis account for up to 2/3 of all cases [10] . In general, all noxae able to induce inflammation of the olfactory epithelium (OE) appear particularly detrimental to the olfactory function: reactive intermediates (e.g., reactive oxygen intermediates -ROIs) exhibit a significant toxic effect to the olfactory receptors either directly or indirectly [5] [6] [7] [9] [10] [11] .
Many airborne chemicals or their metabolites elicit high levels of the ROIs in the OE. In 1986, Amoore identified more than 120 chemicals associated with the OD, and since this early description this list has significantly broadened [11, 12] . Unsurprisingly, professional exposure is suspected to be causative in the case of 0.5-5% of all of the OD [13, 14] . This prevalence is possibly underestimated, especially among subjects having chronic long-term and low-level exposure, in the case of which the olfactory function may decrease gradually and unnoticed. It is possible that a significant part of the "idiopathic" OD (i.e., 10-25%) may be workrelated [4, 15, 16] .
Instead of a more typical water-based wetting agent, in the case of the SSRBA the initial mixture is enriched with the PRs in order to improve the abrasive grains' adhesion, and to guarantee the application on a rigid support (usually, a disk) for specific technical instruments (e.g., grinding wheels). Because formaldehyde has been recognized as an occupational carcinogen since the early 1990s, production of the SSRBA has required previous substitution of safer products for the PRs, that would have the lowest technically permissible content of formaldehyde. In order to further minimize the personal exposure, high-gain ventilation systems were put in place. Eventually, periodic environmental and personal sampling strategies were introduced. This investigation was performed after the most recent overhauling of the ventilation system (December 2013).
At the time of the survey, a total of 66 workers (45 males, 21 females; age (mean (M) ± standard deviation (SD)): 39.8±10.15 years old; exposure length (M±SD): 7.29±6.52 years) were employed. On the basis of their exposures and job tasks, workers were divided into 3 exposure groups (Table 1) : n mixing plant and continuous ovens, n production plant, n shipping plant.
The first group consisted of 15 workers (10 males, 5 females; 3 smokers; age (M±SD): 38.20±11.36 years old; time of employment in the abrasive industry (M±SD): 6.20±6.13 years). In the mixing plant, the industrial process begins with the preparation of the desired mixture: precise quantities of abrasives, bond kers, confirmed a very high prevalence for the QOD in both exposed groups (pooled odds ratio (OR) = 10.3; 95% confidence interval (CI): 2.19-48.5), emphasizing a suspected causative role for formaldehyde [21] .
Formaldehyde is a well-known toxicant for olfactory epithelium and respiratory mucosa [23] . In 2006, the International Agency for Research on Cancer classified formaldehyde as a human carcinogen based on an increase in nasopharyngeal cancer in the cohort of more than 25 000 formaldehyde workers as reported by the National Cancer Institute, and in 2012 the classification was expanded with formaldehyde causing leukemia and limited evidence of sinonasal cancer in humans [17, [24] [25] [26] . Following these reports, professional exposures have been more strictly controlled, where possible by reducing the total content of formaldehyde in chemical intermediates or by improving collective and personal protective equipment.
In summary, studies about olfactory effects of phenol and the PRs in a context of low level formaldehyde exposures are missing. In this study we present our data about self-reported olfactory impairment (SROI) in workers in the abrasive industry professionally exposed to the PRs.
MATERIAL AND METHODS

Subjects and occupational settings
This was a cross-sectional study performed in a medium-sized enterprise in northern Italy, that involved the preparation of solid-state resin bond abrasives (SSRBA). Table 1 . Characteristics of workers occupationally exposed to airborne chemicals at working site -cont. Tabela 1. Charakterystyka pracowników narażonych na substancje chemiczne występujące w powietrzu środowiska pracy -cd.
Participants were also asked to refer when the olfactory symptoms had started and whether symptoms exhibited a work-related trend, increasing during shift work and reducing during the weekends or holidays. Symptoms associated with inflammatory involvement of olfactory/respiratory mucosa of the nose and sinuses (in particular: headache, nasal congestion, swelling of the lips) were also collected and similarly described. Participants rated the impact of the OD on quality of life also on a visual analog scale of 0 (no effect) to 5 (strong effect).
Exposure assessment
Environmental sampling was performed during a whole working day, on the same day of biological monitoring. Airborne dusts were sampled in all working environments by means of a direct reading instrument (Aerocet 531 Particulate Monitor, Met One Instruments Inc., USA): a total of 8 samples were taken for every site, with a continuous sampling time of 2 min/sample. Results were expressed in terms of the concentration (mg/m 3 ) for total suspended particles (TSP), particulate matter with aerodynamic caliber < 10 µm (PM 10 ), < 2.5 µm (PM 2.5 ), < 1 µm (PM 1 ) and as a count (particles/m 3 ) for particles with aerodynamic caliber 0.5-5 µm and < 0.5 µm.
Airborne concentrations of phenol and formaldehyde were measured according to the standards set out by the National Institute for Occupational Safety and Health (NIOSH). Formaldehyde was sampled using the NIOSH method 3500, whereas the NIOSH method 2546 was applied for the purpose of the environmental assessment of phenol [27] [28] .
In the same week of the clinical evaluation of the participants, all workers from the mixing plant, production plant and shipping plant participated in biological monitoring. The urinary samples were collected in polycarbonate bottles at the end of their work shift (8 h/day) at the end of the working week and stored at -4°C. Measurement of phenol in urine was carried out by means of the high performance liquid chromatography. The results were presented after correction for creatinine concentration (mg/g creatinine). The creatinine was measured by means of an autoanalyzer based on the Jaffe's method.
Statistical analysis
Descriptive statistics were used for the demographic characteristics and the self-reported olfactory symptoms. Continuous variables were confronted through materials and additives are prepared following a specific formula, the composition of which depends on the physical properties of the planned final product. The mixture is then treated in continuous ovens, achieving its polymerization in a solid intermediate.
The second group consisted of 32 workers of the production plant (18 males, 14 females; 5 smokers; age (M±SD): 30.09±8.84 years old; time of employment in the abrasive industry (M±SD): 8.06±7.23 years), where solid intermediate from the ovens of the mixing plant is shattered and reduced to fine dusts. A predetermined amount of abrasive dusts is poured into a mold: a series of thermal treatment and hydraulic press then compacts the abrasive mixture to the final shape. The PRs adhesives intermixed to the abrasive mixture and the high pressures applied guarantee the application on the required rigid support. In comparison with the mixing plant, the PRs are not directly handled by machineries or workers: therefore, phenol exposure follows the contamination from nearby continuous environments or evaporation from the intermediates, eventually resulting in a reduced exposure.
The third group was a reference group of 19 subjects from the shipping plant of the same enterprise (17 males, 2 females; 5 smokers; age (M±SD): 43.89±8.56 years old; time of employment in the abrasive industry (M±SD): 6.84±5.64 years). In this unit, the abrasive media are labeled, packaged, and finally shipped to national and international distributors. The shipping plant consists of a contiguous but separate site, and the assigned workers don't have any direct exposure to chemical intermediates.
Examination methods
All subjects underwent detailed medical interviews and physical examinations: because the Italian Law on Occupational Health and Safety (Legislative Decree No. 81/2008) enforces mandatory controls about drug abuse in selected categories, and all workers were considered as a high risk group, a urinary drug test was also performed, excluding cases of cocaine or other neurotropic drug chronic abuse.
A questionnaire was distributed in the course of the medical examination in order to explore smoking and drinking habits, general diseases (diabetes mellitus, hypertension, heart disease, liver disease, depression, cancer), medication habits, and previous head and/or nose trauma. In particular, patients were asked whether sense of smell had been normal or abnormal (abolished/reduced/increased) during the last 2 months. the analysis of variance (ANOVA) and the post-hoc test of Tukey's for multiple comparisons. Statistical significance was defined by a two-sided α level of 0.05.
Multivariate logistic regression analyses were performed to examine association between self-reported olfactory symptoms and phenol exposure, categorized in the aforementioned exposure classes (the mixing plant, production plant, shipping and packaging plant). The multivariate regression analysis was modeled on the basis of occupational exposure: workers from the plant with the lowest occupational exposure were assumed as the referent ones. Associations were expressed in terms of the ORs with their respective 95% CI. Eventually, the regression analysis was controlled for ethnicity, years of education, age and working age determining the adjusted ORs (OR a ) with their respective 95% CI.
All calculations were performed on the IBM SPSS Statistics 22.
RESULTS
Environmental sampling
As compared with other sites, the mixing plant had Table 1 ).
In all sites (the mixing plant, production plant and shipping plant) environmental measurements for as- 
Biological monitoring
In all cases, end-shift biological exposure indices (BEIs) were lower than the ACGIH-BEI (250 mg/g of creatinine), and the mixing plant workers were associated with significantly higher urine phenol concentrations (83.80±19.57 mg/g of creatinine, ANOVA: p < 0.0001; Tukey's multiple comparison test: p < 0.01 for the production plant and < 0.0001 for the shipping plant) whereas the production plant workers had intermediate values (34.49±20.77 mg/g of creatinine), still significantly higher than the shipping plant workers (6.83±5.75 mg/g of creatinine, Tukey's multiple comparison test: p < 0.01) ( Table 1) .
Risk factors for olfactory impairment
Out of the 66 participants, 27 subjects (40.9%) were active or former smokers (i.e., at least 5 years of exposure) (Table 1); 9 patients (13.6%) referred to previous surgical procedures involving the nose or nasal sinuses; 16 of them (24.2%) had a previous nasal trauma with hemorrhage and 20 of them (30.3%) referred to a head trauma with transitory loss of conscience, including 3 workers who received a surgical treatment requiring craniotomy. No significant differences in the distribution of these risk factors were identified among the three exposure groups (Table 1) . Symptoms associated with upper airways inflammatory involvement were scarcely referred to: in general, only 1 subject from the mixing plant group referred to chronic nasal discharge (1.5%), and 4 more subjects complained about chronic nasal breathing disorders (6.1%) ( Table 1 ). These factors also appeared to have been distributed among the three exposure groups without any significant difference.
Assessment of olfactory function
In total, 30 subjects (45.5%) identified a mild to severe impairment of olfactory function, including 21 sub- jects (31.8%) referring to a reduced sense of smell (hyposmia): in the case of 9 of them, the olfactory function was reduced but not abolished, and the remaining 12 of them complained about a substantial anosmia (18.2%). Moreover, 9 workers (13.6%) complained about an increased sense of smell (hyperosmia) ( Table 2) . Among the hyposmic participants, only the subjects with anosmia referred to a severe impact on the daily life whereas 7/9 hyperosmic patients had a moderate to severe impairment. A work-related time trend was identified, with worsening of the SROI during the work shift/working week and improving at rest (Chi 2 test p < 0.0001 for all the three categories).
In univariate analyses (Table 3) , the SROI were significantly more frequent among female subjects (Chi 2 test p = 0.022; OR = 4.118; 95% CI: 1.34-12.65), When the exposure groups were taken into account (Table 4) , the SROI (OR = 4.71; 95% CI: 1.08-20.63) were more frequently complained about by workers from the mixing plant, exhibited more frequently, in particular in terms of the anosmia (7/15, OR = 15.75; 95% CI: 1.65-150.14).
When the multivariate model was applied (Table 5), taking into account ethnicity, age and working age as covariates and assuming a declining exposure from the mixing plant to the shipping plant (the latter workers assumed to be the referent ones), female sex was confirmed as the main determinant for the SROI (OR a = 5.62; 95% CI: 1.53-20.72) and the hyperosmia (OR a = 25.14; 95% CI: 2.38-265.7) whereas the self-complained anosmia was confirmed to be significantly more frequent in both of the exposed groups (OR a = 5.27; 95% CI: 1.10-25.24 for the production plant and OR a = 11.13; 95% CI: 1.06-116.93 for the mixing plant).
DISCUSSION
Phenol is an irritating and corrosive substance, with skin and mucosal membranes as the main targets of its toxicity [17] . Because of the frequent co-exposure with formaldehyde, studies about human phenol toxicity remain ambiguous. Small statistically non-significant excess in mortality due to Hodgkin's disease and esophageal, renal and rectal cancers were previously suspected [17] .
Two previous epidemiologic studies suggested a slight increase in mortality associated with respiratory cancers, hinting a direct effect on respiratory epithelia [25] . Baj et al., in a setting of low level chronic exposures to phenol (0.34 ppm), formaldehyde and isomers of organic chlorohydrocarbons used as a liquid wood preservative, identified the presence of chronic complaints, among them cough and sore throat, which is consistent with these results [26] . A high prevalence of neurological chronic complaints such as headache and fatigue was also identified. However, because of the mixed exposure settings, the authors suggested that the reported effects were more probably associated with the formaldehyde vapors [26] .
The incidence of the QOD in the general population remains a matter of debate [1, 12, 13] because most studies, like this one, used questionnaires to assess olfactory function rather than objective studies, so an accurate assessment remains difficult. The latter topic appears to be of particular interest focusing on the relatively high prevalence of previous head trauma complained about by the study population. For instance, head trauma is a frequent issue for general population, and it was repetitively acknowledged as a main risk factor for the QODs [10] . However, even assuming the higher estimates for head trauma in the general population (around 700 cases/100 000 in- OR a -adjusted odds ratio / skorygowany iloraz szans. * The adjusted odds ratios (with respective 95% CIs) were obtained through a regression analysis model controlled for respondents' ethnicity, years of education, age, and total years of exposure / Skorygowane ilorazy szans (wraz z ich 95% CI) otrzymano poprzez analizę regresji dla pochodzenia etnicznego, wykształcenia, wieku i czasu narażenia badanych. Other abbreviations as in Table 3 / Inne skróty jak w tabeli 3. Table 5 . Self-reported olfactory impairment (SROI) of workers occupationally exposed to phenolic resins and personal risk factorsmultivariate logistic regression analysis -cont. Tabela 5. Zgłaszane upośledzenie węchu (SROI) przez pracowników zawodowo narażonych na żywice fenolowe a osobowe czynniki ryzyka -wieloczynnikowa analiza regresji logistycznej -cd.
habitants/year), the referred prevalence (30.3%) remains questionably high, suggesting inaccurate recalling of personal history, and therefore questioning the consistence of a self-reporting assessment. Quantitative olfactory disorders in occupational exposure to the PRs were previously well described [20, 21] . However, these studies refer to working environments with a relatively high formaldehyde exposure, and reported complaints are more probably associated with formaldehyde levels. In our study, the co-exposure to phenols and formaldehyde was also identified but the relatively low levels of phenol and the very low exposure to formaldehyde hints that the clinical effects we identified were possibly associated with other exposures, the latter acting either as causative or contributory factors. In the initial study design, phenol exposure was assumed to be the most relevant one [20, 21] .
However, thermal reactions are associated with the production of several other chemicals and airborne particulate (including fine and ultrafine fractions), both of them well acknowledged as detrimental for the OE (e.g., benzene and benzyl compounds, toluene, etc.) [11, [12] [13] [14] [15] [16] . In fact, as environmental samples identified a similar pattern of exposure for formaldehyde/phenol on the one hand, and airborne particles on the other hand ( Figure 1, Figure 2 ), these results may be interpreted rather as a consequence of the handling of the PRs than as a specific effect of phenol exposure.
Despite all the aforementioned limits and the small sample size (66 subjects), this remark may explain the relatively high prevalence of the SROI (45.5%). Among them, a high ratio of the self-reported hyperosmia was identified, including the significantly higher prevalence in female sex. This remark is consistent with previous reports: despite the total surface of the OE, the density of receptors and the mucosal expression of detoxification enzymes are similar in the two sexes, the sex-related difference in olfactory function has been widely reported, with women outperforming men, but also with female workers showing an increased sensitization to chemicals after prolonged occupational exposure, also at low levels [12] [13] [14] [15] 26] .
CONCLUSIONS
In our study of the occupational exposure to the PRs, sex appeared to be the main determinant for the SROI, namely it turned out to be more critical than factors more frequently associated with the anosmia/hyposmia (or even hyperosnia), such as smoking history, head and nasal trauma/surgery [3, 5, 10, 12, 13] . The main limitations of this study, the small sample size and the self-assessment of olfactory disorders, may partially explain these results.
First, because this study was questionnaire-based, we cannot rule out that the greater prevalence of olfactory disorders among female workers, which may reflect the greater attention to the health status, typically associated with female sex, rather than increased vulnerability of olfactory epithelium [29] .
Second, because the reference group was drawn from the shipping/packaging plant, it reflects the gender composition of these physical demanding activities, with a higher representation of male workers [29] [30] . This limitation could be compensated by enlisting a greater reference group, with a larger number of female workers not professionally exposed to chemicals (e.g., visual display of unit workers).
On the other hand, this option would increase the heterogeneity of the population, particularly regarding the education level, the psychosocial workload and the socioeconomic status, which at the moment is quite homogenous. As several studies previously stated, selfreporting of health symptoms is strictly associated with the education level and the socioeconomic status, and is deeply interconnected with psychosocial workload [30] . Eventually, instead of increasing the representation of female sex, enlarging the reference group with workers from a different setting would introduce another confounding factor, the control of which would require the study to be redesigned as a case-control one.
In conclusion, our questionnaire-based cross-sectional study has shown the increased prevalence of the SROI among workers from the abrasive industry, with a professional exposure to the PRs and, eventually, respiratory exposure to phenols and air particulate. In a multivariate model, female sex was associated with a significant increase in the SROI, and in particular the self-reported hyperosmia whereas levels of occupational phenol exposure appeared to be a more critical determinant for the self-reported one: because of the intrinsic limitations of this study (i.e., non-objective evaluation of the QOD, reduced sample size) clinical significance of this data should be cautiously evaluated [12, 13, 15] .
